Background: There is limited evidence on the relationship between social support and renal outcomes in African Americans. We sought to determine the association of social support with prevalent chronic kidney disease (CKD) and kidney function decline in an African American cohort. We also examined whether age modifies the association between social support and kidney function decline. Methods: We identified Jackson Heart Study (JHS) participants with baseline (Exam in 2000(Exam in -2004 functional and structural social support data via the Interpersonal Support Evaluation List (ISEL) and social network size questions, respectively. With ISEL as our primary exposure variable, we performed multivariable regression models to evaluate the association between social support and prevalent CKD [estimated glomerular filtration rate (eGFR) < 60 ml/min/1.73 m2 or urine albumin-creatinine ratio (ACR) ≥30 mg/g], eGFR decline, and rapid renal function decline (RRFD) (> 30% decrease in eGFR over approximately 10 years). All models were adjusted for baseline sociodemographics, diabetes, hypertension, smoking status, and body mass index; models for eGFR decline and RRFD were additionally adjusted for eGFR and ACR. In models for eGFR decline, we assessed for interaction between age and social support. For secondary analyses, we replaced ISEL with its individual domains (appraisal, belonging, self-esteem, and tangible) and social network size in separate models as exposure variables.
Background
African Americans bear a disproportionate burden of chronic kidney disease (CKD) [1] . Factors that contribute to this health disparity include sociodemographics, quality or access to care, and lifestyle, while nearly half of this excess risk is unknown [2] . One related psychosocial factor that may influence this excess risk is social support [3] . Social support refers to perceived emotional, material, or informational resources provided by others and/or size of one's social network [4] . The presence of adequate social support is associated with lower risk of morbidity and mortality in the general population [5] [6] [7] [8] [9] [10] [11] . This lower risk is explained by social support's facilitation of health-promoting behaviors [12] . In African Americans, social support buffers against the long-term health effects of stress, including stressful experiences of perceived discrimination [13] , in addition to its association with improved glycemic control and blood pressure in this population [14, 15] . Thus evidence suggests that social support may have a meaningful association with CKD outcomes in African Americans.
Social support influences chronic disease self-management via both functional and structural pathways [11] . Functional social support is based on the stress-buffering hypothesis, and refers to specific resources provided by a person's social network (e.g., emotional support, socialization, financial assistance, advice) that can help them cope with life stress and gain confidence in managing their chronic disease, which positively impacts physiological processes [12, 16] . Structural social support, based on social network theory that isolation negatively impacts health, refers to the size of a person's social network (i.e., number of people with whom one has meaningful and frequent contact) available to provide functional social support [5] . Prior studies in African Americans show both functional and structural social support are associated with both improved health outcomes and self-management behaviors [14, 15, 17, 18] . In a cohort of African Americans with hypertensive CKD, social support was significantly higher among those who reported better quality of life [19] . However, it remains unknown whether functional or structural social support are individually associated with CKD outcomes.
The objective of this study is to determine the association of both functional and structural social support with prevalent CKD and kidney function decline using data from the Jackson Heart Study (JHS), an all African American cohort study. Our hypothesis is that low social support would be associated with prevalent CKD and greater kidney function decline. Because there is a larger burden of disability, cognitive impairment, and social isolation among older adults [20] , older adults may be more vulnerable to the effects of social support on selfmanagement behaviors that mitigate risk of kidney function decline [21, 22] . Therefore, we also examined the extent to which age modifies the association of social support with kidney function decline.
Methods

Study design and population
We conducted an observational study of social support and kidney function outcomes in African Americans using data from JHS participants. The JHS is a communitybased cohort study designed to evaluate heart disease risk factors in African Americans residing in the tri-county area (Hinds, Rankin, and Madison) of Jackson, Mississippi [23] [24] [25] For these analyses, we included JHS participants who completed social support measures and laboratory tests of kidney function at Exam 1. Those missing these data were excluded. For analyses of kidney function decline, we limited the cohort to JHS participants with diabetes, hypertension and/or CKD at Exam 1 and excluded JHS participants who reported a history of dialysis or kidney transplant at any visit (to avoid uncertainty about the accuracy of reported eGFR values).
Primary independent variable: social support
Our primary exposure of interest was functional social support, the nature by which interpersonal relationships provide support, assessed using the Interpersonal Support Evaluation List (ISEL) instrument. The ISEL is a validated self-administered instrument comprised of Likert-type items that represent four domains of functional social support, which include: 1) appraisal, 2) belonging, 3) selfesteem, and 4) tangible [26, 27] . The appraisal domain measures perceived availability of a confidant to talk to about one's problems. The belonging domain measures perceived availability of people with whom one can do things. The self-esteem domain measures the extent to which someone views themselves positively when comparing one's self with others. The tangible domain measures perceived availability of material aid, such as financial or transportation assistance. Each of the 4 domains contributes 12 points. Using the 16-item ISEL instrument, we used a standardized approach to compute summed ISEL scores (range 0 to 48) [27] . When used as a dichotomous variable, an ISEL score < 32 was used to indicate low functional social support [8] .
We secondarily assessed structural social support, often assessed by social network size beyond immediate family members. Developed for this study, we assessed social network size from three items adapted from the previously validated Berkman Social Network Index (Cronbach's α from our analytic dataset was 0.73) [5, 6] : 1) "how many close friends do you have?", 2) "how many close relatives do you have?", and 3) "how many of these friends or relatives do you see at least once a month?". Possible responses for each question were: "none", "1 or 2", "3 to 5", "6 to 9", or "10 or more". We designated a score to each item ranging from 0 to 4, respectively. We then computed an overall social network size as a sum of all three items, ranging from 0 to 12 to quantify structural social support. Aligning with a two-thirds cutoff to indicate low social support using the ISEL, social network size < 8 was used to categorize participants as having low structural social support. Both the ISEL and social network size questions were provided to JHS participants during the initial home interview.
Covariates
We identified the following potential confounders of the relationship between social support and kidney function outcomes 
Primary dependent variable: kidney function
The outcomes were 1) prevalent CKD and 2) estimated glomerular filtration rate (eGFR) decline over follow-up. We defined prevalent CKD as an eGFR < 60 ml/min/ 1.73m 2 using the Chronic Kidney Disease-Epidemiology Collaboration (CKD-EPI) estimating equation 11 or a urine albumin-to-creatinine ratio (ACR) ≥30 mg/g at Exam 1. We defined decline in eGFR as the annualized rate of change in eGFR (ml/min/1.73m
2 ) from Exam 1 to Exam 3; based on the following equation: 365.25 days × (eGFR Exam1 -eGFR Exam3 )/(number of days between Exam 1 and Exam 3).
Statistical analysis
We used two-sample t-tests for continuous variables or chi-squared tests for categorical variables to compare sociodemographic and clinical characteristics of study participants in our analytic cohort to those excluded for missing ISEL data. We used the same statistical tests to compare sociodemographic and clinical characteristics of study participants with low vs. high functional social support as defined by our primary exposure variable, ISEL. Because these tests were not part of our primary aims and hypotheses, we did not adjust for multiple testing. To evaluate the association of social support based on both ISEL or social network size with our outcomes of interest, we evaluated each social support measure in separate models as either continuous (ISEL score or social network size) or categorical variables (low vs. high social support). Multivariable logistic regression models used to determine the relationship between social support and prevalent CKD were adjusted for age, sex, income, education, BMI, smoking status, diabetes, and hypertension. Multivariable linear regression models to determine the relationship between social support and eGFR decline were additionally adjusted for baseline ACR and eGFR. We added an interaction term [ISEL (or social network size) × age] to examine if age moderated the effect of social support on eGFR decline.
In secondary analyses, we stratified our models by marital status as marital status can have a significant role in social support but is not measured in either ISEL or social network size [5] . Recognizing the measurement bias of determining annual change in kidney function decline with only two timepoints, we added a secondary outcome, rapid renal function decline (RRFD). We defined RRFD as a > 30% decline in eGFR between Exams 1 and 3, an approximately ten-year period. Multivariable logistic regression models used to determine the relationship between social support and RRFD had the same adjustment variables as the models for eGFR decline. To identify associations with specific aspects of social support, we also evaluated each social support domain (for social network size, individual questions) as the exposure variables. All analyses were performed with SAS Version 9.4 (SAS Institute, Cary NC) and R 3.4.0 (R Core Team, Vienna Austria) and used a two-sided 0.05 level for statistical significance.
Results
Cohort characteristics
Of 5301 JHS participants, 4015 (76%) completed the ISEL at baseline. We excluded 1344 participants because of missing kidney function measures or covariates at baseline, leaving 2671 in our analytic cohort for the prevalent CKD outcome model. Similarly, we identified 2589 participants with diagnoses of diabetes, hypertension or CKD at baseline, but excluded 1345 participants because of missing kidney function measures and/or covariates, leaving 1244 in our analytic cohort for the kidney function decline outcome models (eGFR decline and RRFD) (Fig. 1) . Compared to JHS participants who did not complete ISEL at baseline, those who did complete ISEL were more likely to have high school education (64% vs. 52%) and income above poverty level (53% vs. 43%), and less likely to have hypertension (59% vs. 63%), diabetes (21% vs. 24%), and CKD (12% vs. 15%). (Table 1) . Characteristics of participants with and without CKD are shown in Additional file 1: Table S1 .
Social support
The average ISEL score was relatively high, 37.0 (SD = 7.2), and 21.0% (n = 843) of participants reported low functional social support (ISEL < 32). Among those with low functional social support, 85.3% (n = 719) also had low structural social support (social network size < 8). Participants with low functional social support (vs. higher) were more likely to have lower income (47% vs. 28%), be current or former tobacco users (39% vs. 30%), and to have diabetes (25% vs. 21%) ( Table 2) .
Functional social support and kidney function
Prevalent CKD was more common among participants with low (vs. high) functional social support (22% vs 17%). However, among the 2589 participants with diabetes, hypertension or CKD at baseline, there was no difference in annual rate of eGFR decline between participants with low vs. high functional social support (1.3 ± 2.2 ml/min/ 1.73m 2 vs. 1.4 ± 2.1 ml/min/1.73m 2 ). In multivariable regression modeling, we found no association between functional social support (total ISEL score) and prevalent CKD (OR 0.99, 95% CI 0.98,1.01) or eGFR decline (β = − 0.01, 95% CI -0.02, 0.01) ( Table 3 ). These findings were unchanged in models with dichotomized ISEL as the exposure variable: prevalent CKD (OR 1.14, 95% CI 0.88, 1.48) and eGFR decline (β = 0, 95% CI -0.28,0.28). Age did not modify the relationship between functional social support and eGFR decline (p = 0.71). Of the models with each ISEL subscale as exposure variables; we found the ISEL self-esteem domain score was associated with prevalent CKD (OR 0.94, 95% CI 0.89,0.99), and the ISEL appraisal and tangible domain scores had significant but modest associations with eGFR decline (β = − 0.07, 95% CI − 0.13, 0) and (β = 0.07, 95% CI 0.01, 0.13), respectively (Table 3) . Total ISEL score was not associated with prevalent CKD (OR 1.00, 95% CI 0.98, 1.02) or eGFR decline 
Structural social support and kidney function
In analyses of our secondary exposure variable, social network size, there was no association with prevalent CKD (OR 0.99, 95% CI 0.95,1.03) or eGFR decline (β = 0.00, 95% CI -0.04, 0.04). (Table 3 ). These findings were unchanged in models with dichotomized social network size as the exposure variable: prevalent CKD (OR 1.06, 95% CI 0.84, 1.34) and eGFR decline (β = − 0.02, 95% CI -0.25,0. 22). Age did not modify the relationship between structural social support and eGFR decline (p = 0.72). Of models with individual social network items as the exposure variables, we found no association between individual social network items and prevalent CKD or eGFR decline. Social network size was not associated with prevalent CKD (OR 1.00, 95% CI 0.94, 1.06) or eGFR decline (β = 0.01, 95% CI -0.05, 0.07) in models stratified by marital status or with RRFD (OR 1.00, 95% CI 0.95,1.06).
Discussion
In this cohort of African American adults, we found that participants with low functional and/or structural social support were not more likely to have CKD. Additionally, among participants with CKD or at high risk due to diabetes and hypertension, high levels of functional and structural social support were not associated with faster decline in kidney function. However, within individual domains, higher ISEL self-esteem domain score appeared to be associated with lower odds of prevalent CKD. Although modest, this finding suggests that further study into the role of self-esteem in CKD outcomes could uncover novel interventions targeting CKD among African Americans. To our knowledge, this is the first study to examine the extent to which social support is independently associated with CKD outcomes in an African American cohort. Two observational studies of patients receiving dialysis demonstrate high social support was independently associated with improved survival [7, 10] . One cross-sectional study in African Americans identified high social support to be independently associated with modest reduction in odds of diabetes and hypertension [18] . A separate study conducted in African Americans demonstrated that increasing social support was associated with more self-management behavior (e.g., adding more fruits and vegetables to meal plan or counting number of fruits or vegetables eaten per day) and subsequently more fruit and vegetable consumption [17] . In contrast to those studies, we did not identify an independent relationship between functional and structural measures of social support and CKD outcomes. However, our study adds to these findings by demonstrating that high self-esteem, as it relates to social support, has a modest independent association with lower odds of prevalent CKD. The associations between the tangible and appraisal domains of functional social support and kidney function decline were too modest to represent a clinically meaningful change in eGFR.
Our findings may be explained, in part, by our study design. Although functional and structural social support have been associated with some clinical outcomes, it may have been more appropriate to measure the association between CKD and specific self-management behaviors. Self-management behaviors, such as physical activity or adherence to diabetes and hypertension medications, could be in the causal pathway between social support and CKD outcomes [28] . Thus, additional steps to identify an association between social support and self-management behaviors is warranted. Our findings may also be influenced by the low prevalence of CKD (13%) and low social support (21%) in the JHS. Most importantly, our findings may be explained by the appropriateness of our exposure variables, the ISEL and social network measures, in this African American cohort. The ISEL used in our study has been administered in other studies with African American participants, with similar mean total score (ranging from 30 to 37) [19, 27] . However, the survey's items may be subject to measurement bias. Most participants reported high scores on ISEL items which may represent social desirability bias, or response bias that occurs when respondents want to give responses that are socially acceptable [29] . Alternatively, the ISEL items may not account for the cultural nuances that tend to shape how African Americans may perceive their level of social support [9] . Our assessment of social network size was limited in its ability to discretely assess additional aspects of structural social support (e.g., church membership, social group involvement) that are captured in the Berkman social network index [5, 6] . Overall, these findings, along with evidence from other studies examining psychosocial factors in African Americans, endorse additional research on the content validity of psychosocial instruments in this population.
We did find that higher scores on the ISEL selfesteem domain were associated with a modest reduction in odds of prevalent CKD. The ISEL self-esteem domain assesses an individual's ability to have a positive comparison when comparing oneself with others, and it is correlated with the widely used Rosenberg self-esteem scale [30] . It is plausible that individuals who have higher perceived self-esteem social support are less likely to have CKD in settings where this high self-esteem is tied with high self-efficacy. Individuals with high self-efficacy are more likely to engage in health behaviors and lifestyle modifications that can prevent onset and/or progression of CKD [31] . If self-esteem from social support is truly a buffer against development of CKD, we would expect that the self-esteem score would also be associated Model 2 has eGFR decline in ml/min/1.73m 2 per year as the outcome. Analyses conducted on complete cases, n = 1244 (participants with diabetes, hypertension or CKD at baseline), and were adjusted for age, gender, income, education, body mass index, smoking status, diabetes, and hypertension, albumin/creatinine ratio, and baseline eGFR with a slower decline in eGFR. Absence of that finding in this study does not rule out the possibility that some individuals with risk factors for CKD, like diabetes or hypertension, may possess some level of psychosocial resilience that buffers against the onset of CKD. A longitudinal cohort study that evaluates changes in both social support and health status over time may uncover a temporal relationship between self-esteem social support and kidney function decline. More evidence supporting this relationship could increase the argument for behavioral interventions that aim to enhance self-esteem social support in African Americans with risk factors for CKD.
The important strengths of this study are its: 1) large African American community-based cohort, 2) rich psychosocial assessment data to assess both functional and structural social support in CKD, and 3) longitudinal measures of kidney function. Despite these strengths, our study has its limitations. First, the cross-sectional study design limits our ability to make any causal or temporal inference about the association of social support, specifically self-esteem, with prevalent CKD. For models of eGFR decline, we restricted the analytic cohort to participants with baseline CKD, diabetes, or hypertension. While those comorbidities are important risk factors for eGFR decline, these comorbidities may have concealed an association of social support with eGFR decline. Also, we used social support measures that have not been formally validated to confirm the best cutoff for low social support. Despite this limitation, these variables as continuous measures did not demonstrate an association with kidney function outcomes. We were unable to account for unmeasured confounders, such as changes in health status and social support over time. It is plausible that lack of association in those models may be explained, in part, by an increase in perceived social support in the time between research visits and/or limited sample size. Last, we examined data from research volunteers so these findings have limited generalizability to all African Americans.
Conclusion
In an African American community-based cohort study, functional or structural social support measures were not independently associated with CKD outcomes. However, self-esteem measures showed a modest independent association with prevalent CKD. Because of strong evidence underlying the role of psychosocial factors in chronic disease self-management, there remains a need for additional research on the type and extent of social support that may be modified to improve kidney function outcomes in African Americans. 
